PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Docket No: THEURER-21 



Box NEW PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 



S I R 



Express Mail maiiing label number EL073777555US U 
Date of Deposit February 10. 2000 ^ 

1 hereby certify that this paper or fee is being deposited with 
the United States Postal Service "Express Mail Post Office to 
Addressee" service under 37 CFR 1.10 on the date indicated 
above and is addressed to the Assistant Commissioner for 
Patents, Washington, D C. 20231 

ANTONEl l A FUSILLQ 

(Name of person mailing paper fee) 




{Signatbfe) 



Transmitted herewith for filing pursuant to 37 C.F.R. §1. 53(b) is the patent 
application of: 



Inventor: 
For: 



JOSEF THEURER & BERNHARD LICHTBERGER 
METHOD OF SURVEYING A TRACK 



Enclosed are: 

(X) Specification with 14 pages, 2 claims and 1 sheets of drawing. 
(X) Declaration with (X) Power of attorney. 
( ) Small entity statement. 
(X) Assignment. 

(X) Cover letter in compliance with 37 C.F.R. §3.31 to accompany the 

assignment submitted for recording. 
(X) Check in the amount of $730.00 for covering the filing fee of $690.00 and 

the official fee of $40.00 for recording the Assignment. 
(X) Self-addressed postcard. 
(X) A priority document. 

(X) Information Disclosure Statement with (X) PTO-Form 1449 and (X) copy of 
reference(s). 



1 



Docket No.: THEURER-21 



(X) The filing fee is calculated as follows: 



Basic Fee: 



$690.00 



Additional Fees: 



Total number of claims: 2-20 



$00.00 
$00.00 



Number of independent claims: 2-3 



Reduction by 50% for filing by a small entity 

TOTAL 



$ 

$690.00 



(X) The Commissioner is hereby authorized to charge any fees which may be 
required, or credit any overpayment to Deposit Account No.: 06-0502. A duplicate 
copy of this sheet is enclosed. 

Pursuant to the provisions of 37 C.F.R. §1.10 and §1.53, applicant 
respectfully requests that this application be assigned an application number and a 
filing date of February 10, 2000, the date upon which the application was mailed to 
the Patent and Trademark Office by Express Mail. 

Applicant hereby claims priority under 35 U.S.C. §119 (a) - (d) on the basis 
of Austrian Patent Application No. A 204/99, filed February 12, 1999. 



Date: February 10, 2000 
350 Fifth Avenue 
Suite 3220 

New York, N.Y. 10118 

(212)244-5500 

HMF:af 



By: 




Hen;V M. Feiereisen 
Ag^nt For Applicant 




2 



1 JOSEF THEURER & BERNHARD LICHTBERGER, citizens of 

2 Austria, whose residence and post office addresses are Johannesgasse 3, 

3 A-1 010 Vienna, Austria and Im Backerfeld 15, A-4060 Leonding, Austria, 

4 respectively, liave invented certain new and useful improvements in a 
5 

6 
7 

8 METHOD OF SURVEYING A TRACK 

9 
10 
11 

12 of which the following is a complete specification: 
13 



1 METHOD OF SURVEYING A TRACK 

2 

3 BACKGROUND OF THE INVENTION 

4 

5 The present invention relates, in general, to track survey methods, and 

6 more specifically to a method of surveying a track, in which a first and a second 

7 measuring vehicle are positioned at end points, respectively, of a track section to 

8 be measured during a measuring cycle, the first measuring vehicle being 

9 designed for mobility independently of the second measuring vehicle which is 

10 stationary during the measuring operation, and the position coordinates of the 

1 1 second measuring vehicle are determined, a reference line in the form of an 

12 optical measuring beam is set up between the two measuring vehicles, and the 

13 mobile, first measuring vehicle is advanced in the direction towards the 

14 stationary, second measuring vehicle while any change in position of a receiving 

15 unit, mounted on the first measuring vehicle, relative to the reference line is 

16 registered as a correction measurement value. 
17 

18 A method of track surveying with a track pre-measurement car called 

19 EM-SAT is described in the publication "Der Eisenbahningenieur" ("The Railway 

20 Engineer"), May 1995, pages 314 to 318. The measurement operation is carried 

21 out in a cyclical fashion. The measuring vehicle (also called satellite) which is 

22 stationary during the surveying operation is first moved along the track in the 

23 operating direction until it is close to the next geodetically surveyed reference 
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1 point, normally located on a catenary mast. A laser beam emitter mounted on the 

2 satellite is aligned with regard to said reference point, adjoining in the transverse 

3 direction of the track, and thus is brought into an exact desired position. 

4 Thereafter, with the aid of a telescope fastened to the laser beam emitter, the 

5 latter is aligned with a receiver located on the main machine which constitutes 

6 the other, mobile measuring vehicle. During this, the measuring axle of said 

7 mobile measuring vehicle is stopped exactly at a reference point which has 

8 previously been marked with paint at the rail base. This precise positioning is 

9 facilitated by a video camera showing the rail base and the wheel of the 
10 measuring axle. 

11 

12 The actual surveying of the track section is initiated by advancing the 

13 mobile measuring vehicle, with the position of the laser beam relative to the 

14 actual position of the track being measured at intervals of 20 centimeters and 

1 5 stored. With the aid of a special computer program it is possible to calculate from 

16 the geometrical data in a track monument plan the desired versines for line and 

17 level. To do this, it is merely necessary to input the track geometry and the 

18 position of the reference points. These versine values serve for comparison to 

19 the measured versines, with the difference thereof producing the correction 

20 values for level and line. The surveying of the track section is finished as soon as 

21 the mobile measuring vehicle has reached the stationary measuring vehicle. 

22 While the stationary measuring vehicle is advanced to the next reference point in 

23 order to carry out the succeeding measuring operation, the displacement- and 
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1 lifting values for the just surveyed track section are computed. The determined 

2 correction values may be stored on a floppy disk to be loaded into a tamping 

3 machine, for instance, and to be worked off automatically for the accurate 

4 correction of the track position. 
5 

6 U.S. Pat. No. 5,493,499 describes a method of surveying a track wherein 

7 two measuring units, movable on the track, are placed at both end points of a 

8 track section to be measured and their respective positions are defined in relation 

9 to a track reference point. Subsequently, one of the two measuring units is 

10 moved in steps in the direction towards the other measuring unit, wherein, at 

11 every interruption of travel for implementing a measuring procedure, the 

12 measurement data of the actual track position are compared with the 

13 measurement data of the desired position and a corresponding differential value 

14 is calculated and stored. In this, as a result of the reception of a position signal 

15 from surveying satellites (Global Positioning System or GPS), the position of the 

1 6 two measuring units relative to one another in a coordinate system is determined. 

17 At each stop of the second measuring unit during its measurement travel in the 

18 direction towards the opposite, first measuring unit, the respective relative 

19 change in position is determined as a result of the reception of a further position 

20 signal from surveying satellites. 
21 

22 Additional details regarding the said methods of track surveying are 

23 described in the publication "Der Eisenbahningenieur" ("The Railway Engineer''), 
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1 August 1 995, pages 560 to 563. 
2 

3 According to an article called "GPS-based data collection" in the 

4 publication "Railway Age", December 1994, pages 66 and 67, it is known to use 

5 GPS to determine which track sections require treatment. 
6 

7 Finally, a method and a device for rapidly and accurately determining the 

8 position coordinates of a movable receiver relative to a fixedly installed receiver 

9 are described in U.S. Pat. No. 4,81 2,991 . 
10 

1 1 SUMMARY OF THE INVENTION 

12 

13 It is an object of the present invention to provide an improved method of 

14 surveying a track, which enables a more rapid work progress while realizing a 

15 very high precision of measurement. 
16 

17 This object, and others which will become apparent hereinafter, are 

18 attained in accordance with the present invention by a method of surveying a 

1 9 track which comprises the steps of positioning a first and a second measuring 

20 vehicle at end points, respectively, of a track section to be measured during a 

21 measuring cycle, the first measuring vehicle being designed for mobility 

22 independently of the second measuring vehicle which is stationary during the 

23 measuring operation, determining, at the start of each measuring cycle, position 
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1 coordinates of the stationary, second measuring vehicle, with the aid of a GPS 

2 receiver mounted thereon, relative to a fixedly installed GPS reference station 

3 located adjacent the track section to be measured, the coordinates of the GPS 

4 reference station being known within a terrestrial coordinate system, setting up a 

5 reference line in the form of an optical measuring beam between an emitter 

6 mounted on the second measuring vehicle and a receiving unit mounted on the 

7 first measuring vehicle, aligning the reference line with the first measuring vehicle 

8 on the basis of the determined position data, advancing the mobile, first 

9 measuring vehicle in the direction towards the stationary, second measuring 

10 vehicle to carry out the track surveying operation, and registering as a correction 

1 1 measurement value any change in position of the receiving unit mounted on the 

1 2 first measuring vehicle relative to the reference line. 
13 

14 A measuring method of this kind has the particular advantage that the 

15 laser beam emitter does not need to be aligned with respect to an adjacent 

16 reference point in a time-consuming manner. Furthermore, the also time- 

17 consuming task of positioning the two measuring vehicles precisely at the 

18 beginning and end, respectively, of the track section to be measured likewise 

19 becomes unnecessary in the process. Additionally, the track sections can be 

20 surveyed overlappingly, avoiding a closed traverse. Finally, the surveyed position 

21 data may also be used in an advantageous manner for creating a track position 

22 plan with precisely defined, exact coordinates. 
23 
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1 BRIEF DESCRIPTION OF THE DRAWING 

2 

3 The above and other objects, features and advantages of the present 

4 invention will be more readily apparent upon reading the following description of 

5 a preferred exemplified embodiment of the invention with reference to the 

6 accompanying drawing, in which: 
7 



8 FIG. 1 is a side elevational view of two measuring vehicles for 

9 surveying a track section in accordance with the present invention; 
10 

1 1 FIG. 2 is a schematic representation of a desired track position and 

12 a reference line formed by a laser beam between the two measuring vehicles; 

13 and 
14 

1 5 FIG. 3 to 5 are greatly simplified representations of different positions of 

1 6 the two measuring vehicles during track surveying operation. 
17 

18 DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

19 

20 Throughout all the Figures, same or corresponding elements are generally 

21 indicated by same reference numerals. 
22 

23 Referring now to the drawing and in particular to FIG. 1, there is shown a 
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1 primary machine or measuring vehicle 1 and a satellite or secondary measuring 

2 vehicle 2, During track surveying operation, the primary machine 1 is movable 

3 relative to satellite or secondary measuring vehicle 2 which remains stationary in 

4 place. Therefore, the primary machine is designated hereinafter as mobile 

5 measuring vehicle 1 while the satellite is designated hereinafter as stationary 

6 secondary measuring vehicle 2, The mobile measuring vehicle 1 has a machine 

7 frame 5 which is supported by undercarriages 3 and includes a motive drive 7 for 

8 mobility along a track 9 in an operating direction. Likewise, the stationary 

9 measuring vehicle 2 has a machine frame 6 which is supported by 

10 undercarriages 4 and includes a motive drive 8 for mobility, independently from 

1 1 the mobile measuring vehicle 1 , along the track 9. Located in a driver's cab 1 0 of 

12 the mobile measuring vehicle 1 is a controlling and computing unit 11. The 

13 operating direction of the mobile measuring vehicle 1 during the track surveying 

14 operation is indicated by an arrow 12. 
15 

16 The stationary measuring vehicle 2 has a seat 17 for accommodating an 

17 operator and is equipped with an emitter 18 in the shape of a diode laser 

18 supported on the machine frame 6 for adjustment by means of drives (not 

19 shown). A receiving unit 13 is arranged underneath the front end of the mobile 

20 measuring vehicle 1, outside of the area defined by the two undercarriages 3. 

21 The receiving unit 13 is designed as a high-speed image analyzing system for 

22 localizing a reference line 14 which is formed by a laser beam created by the 

23 emitter 18. The receiving unit 13 is articulated to one end of the machine frame 5 
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1 and supported by flanged rollers 1 5 on rails 16 of the track 9. 
2 

3 Also arranged on the stationary measuring vehicle 2 for receiving position 

4 data in connection with the conventional Global Positioning System (GPS) is a 

5 GPS receiver 19. Radio units 20 are provided for transmission of data between 

6 the mobile measuring vehicle 1 and stationary measuring vehicle 2 to the 

7 controlling and computing unit 11. For distance measuring, an odometer 21 is 

8 positioned on the mobile measuring vehicle 1 . 
9 

10 In FIG. 2, the definition of the desired position of the track 9 is shown in a 

1 1 simplified way. The coordinates of the track 9 are precisely defined in a track 

12 monument plan (not shown) with regard to reference points 22 which are 

13 fastened to catenary masts 23. Dash-dotted line 24 indicates the track center. 

14 The track position is defined by versines 25 spaced from one another by a 

1 5 distance of five meters. A chord 26, forming the base for the versines 25, is 

16 defined by so-called desired points 27 which are located at the desired distance 

1 7 from the reference points 22. 
18 

1 9 The conventional method of surveying a track by means of an EM-SAT 

20 would precisely align the emitter 1 8 of the stationary measuring vehicle 2 with the 

21 desired point 27 in order to form a base for the versines 25 with the aid of the 

22 laser beam serving as reference line 14. Such a precise alignment of the emitter 

23 18 requires a measuring team to carry out corresponding measuring operations 
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1 prior to the track surveying, taking into account the oppositely positioned 

2 reference points 22, with the measuring results being written onto the ties, for 

3 example. Although, the alignment of the emitter 1 8 could conceivably also carried 

4 out by using a sighting telescope which is secured to the emitter 18; This 

5 procedure is however time-consuming and requires precise positioning of the 

6 mobile measuring vehicle 1 at the previously surveyed desired point 27. 
7 

8 In the following, the novel and inventive method for surveying a track 

9 section 28 will be described in more detail with particular reference to FIGS. 3 to 
10 5. 

11 

12 At the start of the track surveying operation, the stationary measuring 

13 vehicle 2 is moved in the region of the track section 28 to be surveyed and 

14 stopped as soon as the critical distance, subject to weather conditions, for 

15 receiving the laser beam (reference line 14) has been reached. By activation of 

16 the GPS receiver 19, position data of the stationary measuring vehicle 2 are 

17 received and related to the known position data of a fixedly installed GPS 

18 reference station 29 located near the track 9. Since the coordinates of the GPS 

19 reference station 29 are accurately known within a terrestrial coordinate system, 

20 the position coordinates of the stationary measuring vehicle 2 in the coordinate 

21 system can also be accurately determined and transmitted by means of the radio 

22 unit 20 to the controlling and computing unit 1 1 . The controlling and computing 

23 unit 1 1 instantly compares the position data with stored desired value data, and 
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1 considers a possible difference during the following surveying operation. 
2 

3 After the reference line 14 is set up by aligning the laser beam of the 

4 emitter 18 with the receiving unit 13, the surveying operation of the track 

5 section 28 is initiated by advancing the mobile measuring vehicle 1 in the 

6 direction of arrow 12 toward the stationary measuring vehicle 2. During this 

7 advance, the position of the reference line 14 relative to the actual track position 

8 is measured at intervals of 20 centimeters, with the actual track position being 

9 transmitted to the receiving unit 13 by the flanged rollers 15. In conjunction with 

10 the distance measurement by the odometer 21, the correction measurement 

11 values, which are formed by determining the difference between desired and 

1 2 actual values, are stored with reference to the particular location. 
13 

14 FIG. 4 shows the situation at the end of the measuring cycle, when the 

15 mobile measuring vehicle 1 has reached the stationary ineasuring vehicle 2 in 

16 the course of the surveying operation. By moving the stationary measuring 

17 vehicle 2 forward again in the direction of arrow 12, as shown in FIG. 5, the next 

18 measuring cycle is initiated. 
19 

20 While the invention has been illustrated and described as embodied in a 

21 method of surveying a track, it is not intended to be limited to the details shown 

22 since various modifications and structural changes may be made without 

23 departing in any way from the spirit of the present invention. 
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1 What is claimed as new and desired to be protected by Letters Patent is 

2 set forth in the appended claims: 
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1 CLAIMS 

2 What is claimed is: 

1 1 . A method of surveying a track, comprising the steps of: 

2 a) positioning a first and a second measuring vehicle at end points, respectively, 

3 of a track section to be measured during a measuring cycle, the first 

4 measuring vehicle being designed for mobility independently of the second 

5 measuring vehicle which is stationary during the measuring operation; 

6 b) determining, at the start of each measuring cycle, position coordinates of the 

7 stationary, second measuring vehicle, with the aid of a GPS receiver 

8 mounted thereon, relative to a fixedly installed GPS reference station located 

9 adjacent the track section to be measured, the coordinates of the GPS 

10 reference station being known within a terrestrial coordinate system; 

1 1 c) setting up a reference line in the form of an optical measuring beam between 

12 an emitter mounted on the second measuring vehicle and a receiving unit 

13 mounted on the first measuring vehicle; 

14 d) aligning the reference line with the first measuring vehicle on the basis of the 

15 determined position data; 

16 e) advancing the mobile, first measuring vehicle in the direction towards the 

17 stationary, second measuring vehicle to carry out the track surveying 

18 operation; and 

19 f) registering as a correction measurement value any change in position of the 

20 receiving unit mounted on the first measuring vehicle relative to the reference 

21 line. 
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1 2. A method of surveying a track, comprising the steps of: 



2 - positioning a first measuring vehicle at a first end point of a track section to 

3 be measured during a measuring cycle; 

4 - positioning a second measuring vehicle at a second end point of the track 

5 section, with the second end point having a known position with respect to 

6 a fixed reference point having an absolute coordinate; 

7 - establishing an optical reference line between the two measuring 

8 vehicles; 

9 - moving the first measuring vehicle in a direction of the second measuring 

10 vehicle by a predetermined distance and determining a displacement of 

1 1 the optical reference line perpendicular to a track direction; 

12 - determining from the displacement of the optical reference line and the 

13 predetermined distance an absolute track location; and 

14 - repeating steps d) and e) until the first measuring vehicle is in close 

15 proximity to the second measuring vehicle, thereby surveying the track 

1 6 section between the two end points. 
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1 ABSTRACT OF THE DISCLOSURE 
2 

3 In a method of surveying a track (9), a first or mobile measuring vehicle (1) 

4 and a second or stationary measuring vehicle (2) are placed at a distance apart 

5 from one another on a track section to be measured. A reference line (14) is 

6 formed by a laser beam emitted from the stationary measuring vehicle (2). At the 

7 start of each measuring cycle, by using a GPS receiver (19), the relative position 

8 of the stationary measuring vehicle (2) with reference to a fixedly installed GPS 

9 reference station (29) located adjacent to the track section is determined, the said 

10 GPS reference station being known within a terrestrial coordinate system. The 

1 1 reference line (14) is aligned with the mobile measuring vehicle (1) on the basis of 

12 the determined position data, and the track surveying operation is carried out by 

13 advancing the mobile measuring vehicle (1) while changes of the actual track 

14 position relative to the reference line (14) are registered. 
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Vienna / Austria 




Residence 


Staatsangehorigkeit 




Austria 




Citizenship 


Postanschrift 




Johannesgasse 3 
1010 Vienna 
Austria 




Post Office Address 


Voller Name des zweiten Erfinders 


Full name of second inventor 

BERNHARD LICHTBERGER 


Unterschrift des Erfinders 


Datum 




Inventor's Signature 


Date 


Wohnsitz 




Leonding/ Austria 




Residence 


Staatsangehorigkeit 




Austria 




Citizenship 


Postanschrift 




Im Bacl^erfeld 15 
4060 Leonding 
Austria 




Post Office Address 
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